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(54) Flexible tape applicator and method of operation 



(57) An applicator (1 ) for applying a flexible tape to 
a planar sheet (27) having a base (2), a table (3), a cra- 
dle (6) and an applicator head (5). The cradle (6) and 
the applicator head (5) are carried by a carriage (4) with 
the cradle (6) and applicator head (5) being rigidly at- 
tached to one another such that they move together. A 
number of motors (41 ,54,66) are provided to move the 
carriage and interconnected applicator head through 
the Cartesian coordinate system relative to the table, 
and a fourth motor (78) rotates the applicator head (5) 
relative to the carriage (4). Another motor feeds flexible 
tape out from a spool, over a dancer arm and into the 
applicator head (5) where a sixth motor drives the flex- 
ible tape adjacent the application zone. A sensor asso- 
ciated with the dancer arm measures the pressure or 
deflection in a cylinder connected to the dancer arm and 
forwards an analog signal to the fifth motor to increase 
the speed of the fifth motor if the dancer arm pressure 
is high, and decrease the speed of the fifth motor if danc- 
er arm pressure is low. In a second embodiment, a new 
planar sheet may be fed onto the table while an existing 
planar sheet is acted upon by the applicator head. 
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Description 

BACKGROUND OF THE INVENTION 

Technical Field 

The invention relates generally to a device for ap- 
plying a flexible tape onto a planar sheet. More particu- 
larly, the invention relates to a device for laying a de- 
formable, flexible adhesive tape onto a planar sheet un- 
der constant tension. Specifically, the present invention 
relates to a device for applying an insulating tape onto 
a planar glass sheet as part of the manufacturing proc- 
ess of mufti-pane windows. 

Background Information 

The need arises in a variety of manufacturing envi- 
ronments to apply a flexible tape onto a planar sheet. 
For example, adhesive tapes are often utilized to attach 
machine components to one another. Additionally, it is 
well known to apply insulating and vibration isolating 
tape to a variety of machines and building components 
to either entrap liquids and gases, or alternatively to seal 
out contaminants. Adhesive elastomeric flexible tapes 
are also often applied to access panels on machine 
housings such as air conditioning units and compres- 
sors when the machine housing will be subject to weath- 
er, or harsh manufacturing environments. Additionally, 
such flexible tapes are often applied between parallel 
panes of glass when manufacturing insulated windows 
and doors. 

Specifically, a number of production steps are re- 
quired in- the manufacture of glass units for placement 
within window and door frames. Thermally insulated, 
single and multi-pane window and door units include a 
number of structural elements: wood, aluminum or vinyl 
frames to encase the glass window; metal spacers 
which are spaced between the multi-pane glass panes 
and along the peripheral edge thereof, muntin and mul- 
lion strips placed between and contiguous to each glass 
sheet of the multi-pane window for providing an orna- 
mental appearance, and sealant tape material applied 
to the perimeter edge of the glass sheets of the multi- 
pane unit. 

Recent innovations in the manufacture of thermally 
insulative multi-pane windows include suspension of a 
polyester film coated with a heat insulative material be- 
tween the panes of glass, and filling the space therebe- 
tween with a low conductivity gas, such as argon or kryp- 
ton, to form a barrier to conductive heat transfer. The 
film placed between the glass sheets provides a barrier 
to radiative heat transfer through the window to the ex- 
ternal environment. 

It is well known in the manufacture of single or multi- 
pane window units that the manner of treatment and 
construction of the perimeter edges is critical to the per- 
formance of the window. The manner in which the pe- 
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rimeter edges of the glass sheets are made can have a 
performance degradating effect on the glass sheet 
when installed in an insulated door or window unit. The 
perimeter edge of the glass sheet can have a great im- 
s pact on the overall thermal performance of the insulating 
window insofar as the center of the glass may register 
a higher value, yet the edges of the glass will be colder. 

The thermal performance of the edge portion of the 
glass is particularly affected by the manner and method 
to by which the tape material is applied to the perimeter 
edge of the glass panes. Sealant tape material for ap- 
plication on the perimeter edge of the glass may be man- 
ufactured of a variety of materials including polyisobuty- 
lene, or butyl hot melt, adhesive or a polymer izable plas- 
ms tic material injected by a nozzle placed adjacent the pe- 
rimeter edge of the glass sheet. By way of example, one 
such sealant strip is manufactured by Tremco, Inc. and 
is sold under the trademark Swiggle® Seal. Swiggle® 
Seal has been found to be a convenient product in the 

20 manufacturing of double glazed windows. At room tem- 
perature, the product has considerable adhesive prop- 
erties and is applied to the glass sheet to provide a her- 
metic barrier to the area where the frame fits around the 
perimeter edges of the glass sheet. Moisture seepage 

25 and conductive heat loss are thus prevented by the air- 
tight adhesion of the sealant strip to the glass sheets. 
Additionally, the sealant strip assures that the tow con- 
ductivity argon or krypton gas remains trapped between 
the window panes. 

30 in a multi-pane window, the sealant tape material is 
applied to the perimeter edge of one glass sheet to pro- 
vide an air and water tight hermetic seal between the 
edges of the glass sheet on which it is laid, and a second 
sheet positioned on top of the sealant tape. Adhesive 

35 properties of the sealant tape material are designed to 
prevent fogging problems from developing due to a seal- 
ant tape leak, either between the sealant tape and the 
edge of either one or both of the glass sheets or between 
the sealant tape and the wood, aluminum or vinyl frame 

40 unit in which the multi-pane window is encased. When 
the hermetic adhesion of the sealant tape material fails, 
moisture in the air condenses in the space between the 
glass panes, and fogging occurs. Thus, the quality of 
the multi-pane window is marred by the fogging occur- 

45 ring between the glass sheets, and also, the heat insu- 
lative qualities of the multi-pane window are degraded 
by the sealant tape leak. 

From the foregoing, it is obvious that the application 
of the sealant tape material is a critical problem in the 

50 overall manufacture and thermal performance of any 
glass unit, whether a single pane or multi-pane glass 
window. 

The prior art discloses a number of devices for ap- 
plying a sealant tape material to the perimeter edges of 
55 glass sheet material. Some examples of the prior art are 
U.S. Patent No. 3,886,113 to Bowzer, U.S. Patent No. 
3,990,570 to Mercier, U.S. Patent No. 4,088,522 to Mer- 
cier, U.S. Patent No. 4,145,237 to Mercier and U.S. Pat- 



2 



3 EP 0 770 

ent No. 4,546,723 to Leopold. 

In the past, Swiggle® Seal has been applied by 
hand. Specifically, the strip is rolled off of a roll, aligned 
along the edge of the glass by hand and pressed down 
to adhere to the glass. Once the strip has been applied s 
around the entire perimeter of the first pane of glass, the 
second pane is placed on top of the strip, and the entire 
unit is heated to bond the strip to the glass. While this 
method is presumably adequate for the purpose for 
which it is intended, it is disadvantageous because of 10 
inconsistencies in the placement of the strip relative to 
the edge of the pane, and because of the extensive time 
required to accurately place the insulated tape. 

As a result of the difficulties in manually applying 
the insulating strip, various devices have been devel- 15 
oped in an attempt to facilitate the application process. 
One such device is disclosed in U.S. Patent No. 
4,756,789 to Kolff. 

While this device is also presumably adequate for 
the purpose for which it was intended, it remains rela- 20 
tivefy time consuming, and contains the further problem 
that this device is designed to slide along the surface of 
the glass as the insulating strip is applied. Because 
many panes on which an insulating strip is applied are 
coated, for example by applying the polyester film coat- 2s 
ed with a heat insulated material between the panes of 
glass, a device which rubs along the surface of the glass 
has the potential of scratching or otherwise damaging 
these coatings. 

The need thus exists for an applicator which will au- 30 
tomatically apply flexible tape material to a planar sheet 
such as an insulating strip to a glass pane without con- 
tacting the glass pane. Additionally, the need exists for 
an applicator which will apply insulating flexible tapes to 
a glass pane along a predetermined path, and which as- 3S 
sures that the strip remains accurately positioned adja- 
cent the edge of the glass pane, and which will accu- 
rately form each corner thus providing a continuous strip 
about the perimeter of the glass pane. 

40 

SUMMARY OF THE INVENTION 

Objectives of the invention include providing an au- 
tomated applicator for applying flexible tape material to 
a planar sheet. 45 

A further objective is to provide an applicator for ap- 
plying flexible insulating tape to the perimeter of a glass 
pane. 

Another objective is to provide an applicator for 
bringing the edge portion of a flexible tape into contact so 
with a planar sheet. 

Yet a further objective is to provide an applicator 
which will accurately bend the flexible tape adjacent 
each corner of the planar sheet. 

Still another objective is to provide an applicator for 55 
applying a flexible tape to a glass pane wherein the flex- 
ible tape is swiggle® seal. 

Still a further objective is to provide an applicator 



754 A1 4 

which maintains a constant tension on the tape such that 
the tape is neither stretched nor compressed during ap- 
plication thereby assuring that the tape maintains a con- 
stant cross-sectional configuration. 

A still further objective is to provide an applicator in 
which constant pressure is applied to the tape during 
application to the glass pane, and in which the tape is 
driven directly adjacent the point of contact to the glass 
pane. 

Still another objective is to provide an applicator 
which moves through the Cartesian coordinate system. 

Yet another objective is to provide an applicator 
which moves the spool with the applicator head thereby 
minimizing the distance traveled by the flexible tape 
from the spool to the point of application to the planar 
sheet. 

Still a further objective is to provide an applicator in 
which the glass remains in the horizontal plane when 
flexible tape is applied thereto. 

A still further objective is to provide an applicator 
which registers the placement of muntin grid marks onto 
the flexible tape relative to the glass sheet, rather than 
equally spacing the marks along the flexible tape. 

Still a further objective is to provide an applicator in 
which the speed of the motor driving the flexible tape 
increases and decreases in direct response to the ten- 
sion on the flexible tape and the amount of flexible tape 
on the spool to assure that the flexible tape remains in 
constant tension. 

Another objective is to provide an applicator which 
forms corners in the flexible tape in the air, and places 
the formed comer onto the planar sheet. 

Still another objective of the invention is to provide 
an applicator head positioned above a pair of feed tables 
such that while the flexible tape is positioned on the pla- 
nar sheet of one feed table, the completed unit may be 
removed from the second feed table, and a new planar 
sheet be positioned thereon to be subsequently acted 
upon by the applicator head. 

Yet another objective of the invention is to provide 
an applicator which is of simple construction, which 
achieves the stated objectives in a simple, effective and 
inexpensive manner, and which solves problems and 
satisfies needs existing in the art. 

These and other objectives and advantages of the 
invention are obtained by the improved flexible tape ap- 
plicator of the present invention, the general nature of 
which may be stated as including a base; an applicator 
head supported by the base and having a path of travel, 
a flexible tape path extending at least partially through 
the applicator head, and a flexible tape application zone; 
a table adapted to retain the sheet adjacent the base; 
first drive means for moving the applicator head relative 
to the object along the path of travel at preselected 
speeds; second drive means carried by the applicator 
head for driving the flexible tape along the flexible tape 
path; data collection means for collecting data related 
to the speed of the first drive means; and first control 
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means operatively connected to the second drive 
means for receiving data form the data collection means 
and for altering the speed of the second drive means in 
response to said collected data and for maintaining a 
proportional relationship between the speed of opera- s 
tion of the second drive means and the speed of the op- 
eration of the first drive means whereby the tension on 
the flexible tape remains substantially constant through- 
out the path of travel of the applicator head. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The preferred embodiments of the invention, illus- 
trative of the best modes in which applicants have con- 
templated applying the principles, are set forth in the fol- 
lowing description and are shown in the drawings and 
are particularly and distinctly pointed out and set forth 
in the appended claims. 

FIG. 1 is an end elevational view of the applicator 
of the present invention; 

FIG. 2 is an end elevational view opposite the end 
view shown in FIG. 1; 

FIG. 3 is a side elevational view of the applicator 
shown in FIG. 1; 

FIG. 3A is a side elevational view similar to FIG. 2 
with the cradle and applicator head rotate 180°; 
FIG. 4 is a top view of the applicator shown in FIG. 

1 with the cradle removed; 

FIG. 5 is an enlarged side elevational view of the 
encircled portion shown in FIG. 1 , with portions bro- 
ken away and in section; 

FIG. 6 is a sectional view taken along lines 6-6, FIG. 

2 with portions broken away; 
FIG. 7 is a sectional view taken along lines 7-7, FIG. 35 

4 with portions broken away; 

FIG. 8 is a sectional view taken along lines 8-8, FIG. 

5 with portions broken away and in section; 

Fl G . 9 is a sectional view taken along lines 9-9, FIG. 
8 with portions removed and shown in dot-dash 40 
lines; 

FIG. 10 is a sectional view taken along lines 10-10, 
FIG. 8 with portions removed and shown in dot- 
dash lines; 

FIG. 11 is an enlarged side elevation view ol the 45 
applicator head of the present invention, looking in 
the direction of lines 11-11, FIG. 5; 
FIG. 12 is an enlarged side elevational view similar 
to FIG. 11 , with the applicator head rotated through 
90°; so 
FIG. 13 is an enlarged elevational view looking in 
the direction of lines 13-13, FIG. 5; 
FIG. 14 is an enlarged elevational view similar to 
FIG. 13 with the applicator head rotated through 
90°; ss 
FIG. 1 5 is a bottom plan view of the applicator head 
with portions broken away and shown in dot -dash 
lines; 



FIG. 1 6 is an enlarged elevational view of the cradle 
of the present invention; 

FIG. 17 is an enlarged elevational view of the cradle 
shown in FIG. 16 and rotated 90°, and showing the 
dancer arm in a first position in dot -dash lines, and 
a second position in solid lines; 
FIG. 18 is an enlarged view of the applicator head 
of the present invention shown with portions cut 
away and in a first position; 
FIG. 19 is an enlarged view of the applicator head 
similar to FIG. 18 shown in a second position; 
FIG. 20 is an enlarged view of the applicator head 
similar to FIG. 19 shown in a third position; 
FIG. 21 is an enlarged view of the applicator head 
similar to FIG. 20 shown in a fourth position; 
FIG. 22 is an enlarged view of the applicator head 
similar to FIG. 20 looking in the direction of line 
22-22, FIG. 21; 

FIG. 23 is an enlarged view of the applicator head 
similar to FIG. 21 shown in a fifth position; 
FIG. 24 is an enlarged view of the applicator head 
similar to FIG. 23 shown in a sixth position; 
FIG. 25 is an enlarged view of the applicator head 
similar to FIG. 24 shown in a seventh position; 
FIG. 26 is an enlarged view of the applicator head 
similar to FIG. 25 shown in an eighth position; 
FIG. 27 is an enlarged view of the applicator head 
similar to FIG. 26 shown in a ninth position; 
FIG. 28 is a top plan view of a second embodiment 
of the present invention shown with the applicator 
head in a first position; 

FIG. 29 is a top plan view similar to FIG. 28 and 
shown with the applicator head in a second position; 
and 

FIG. 30 is a top plan view similar to FIG. 29 and 
shown with the applicator head in a third position. 

Similar numerals refer to similar parts throughout 
the drawings. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The improved flexible tape applicator of the present 
invention is indicated generally at 1 , and is particularly 
shown in FIGS. 1-4. Applicator 1 includes a base 2, a 
table 3, a carriage 4, an applicator head 5 and a cradle 
6 for retaining a spool 7. 

Referring to FIGS. 1-4, base 2 is formed with a pair 
of endwalls 10 and a pair of sidewalls 11 substantially 
perpendicular to endwalls 10. Each sidewall 11 is 
formed with an upper stretcher 1 2 and a lower stretcher 
1 3 with each end wall being formed with a lower stretcher 
14. A vertical post 15 extends intermediate upper 
stretcher 12 and lower stretcher 13 of sidewalls 11 at 
each corner of base 2. An additional vertical post 15 
(FIGS. 3 and 3A) is positioned intermediate upper 
stretcher 12 and lower stretcher 13 intermediate the 
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ends of sidewalls 1 1 for added support. A diagonal brace 
16 extends from post 15 in the center of each sidewall 

1 1 adjacent upper stretcher 1 2 downwardly to each post 
15 positioned on the end of sidewalls 11 adjacent lower 
stretcher 13. Upper stretcher 12 of each sidewall 11 sup- 
ports carriage 4. 

Still referring to FIGS. 1-4, table 3 is formed with a 
pair of parallel and spaced apart end beams 20. Each 
end beam 20 is positioned intermediate posts 15 and is 
parallel to and spaced apart from lower stretchers 1 4 of 
endwalls 10. Similarly, table 3 is formed with a pair of 
parallel and spaced apart side beams 21 . Side beams 
21 are secured to posts 15, and are parallel to, and 
spaced apart from upper stretcher 1 2 and lower stretch- 
er 1 3 of sidewalls 1 1 . Each end beam 20 receives a pair 
of mounting blocks 22. 

A rectangular roller assembly 23 is formed with a 
pair of parallel and spaced apart rods 24. One end of 
each rod is secured to a mounting block 22, and a plu- 
rality of parallel and equally spaced apart axles 25 are 
positioned intermediate rods 24. A plurality of spaced 
apart rollers 26 are mounted on each axle 25 for sup- 
porting a planar sheet 27. While planar sheet 27 may 
have a variety of sizes and configurations, in the pre- 
ferred embodiment it is a sheet of glass to be acted upon 
by applicator head 5 in the manner to be described be- 
low. 

Table 3 is part of a conveyor unit extending outward- 
ly past endwalls 10 such that glass sheets may be 
moved along rollers 26 from a previous work station, to 
a position beneath applicator head 5, to a subsequent 
position in a manufacturing line. As should also be ap- 
parent, roller assembly 23 could be replaced with an air 
table such that the glass sheets are moved on a bed of 
air, rather than rollers as is well known in the art. 

Referring specifically to FIG. 4, a guide rail 30 ex- 
tends longitudinally along each upper stretcher 12 and 
is attached thereto via a plurality of bolts 31. Similarly, 
a rack 32 having a plurality of gear teeth 33 extends lon- 
gitudinally along each upper stretcher 1 2 and parallel to 
guide rails 30. 

A slider beam 34 is supported on upper stretcher 

12 and extends substantially perpendicular thereto. A 
support block 35 is attached to each end of slide beam 
34 with each support block 35 being substantially par- 
allel to one upper stretcher 12. Referring specifically to 
FIGS. 4 and 7, a guide block 36 is mounted to each sup- 
port block 35 via a plurality of bolts 37. Each guide block 
36 is formed with a groove 38 complementary related to 
guide rail 30 to permit controlled sliding movement of 
slider beam 34 on guide rails 30 in the direction of arrow 
A shown specifically on FIG. 4. Still referring to FIGS. 4 
and 7, a first motor 41 is supported from slider beam 34 
via a plurality of brackets 42. Motor 41 includes a drive 
shaft 43 (FIG. 6) having a worm gear 44 attached there- 
to. 

Referring to FIGS. 2, 4, 6 and 7, a follower gear 45 
operatively engages worm gear 44 and is attached to a 



shaft 46 which extends substantially perpendicular to 
drive shaft 43. Shaft 46 extends along substantially the 
entire length of slider beam 34 and extends through the 
ends thereof. Shaft 46 is rotatably supported from bear- 
5 ing blocks 47 attached to each end of slider beam 34, 
and has a pinion gear 48 (FIG. 7) mounted to each end 
thereof. Pinion gear 48 is mounted to shaft 46 outwardly 
of the position of bearing blocks 47 such that bearing 
blocks 47 are positioned adjacent first motor 41 along 
10 the length of shaft 46. In this manner, each pinion gear 
48 operatively engages rack 32 to move slider beam 34 
in the direction indicated by arrow A in FIG. 4. Specifi- 
cally, rotation of motor 41 causes drive shaft 43 and in- 
terconnected worm gear 44 to rotate. As worm gear 44 
is rotates, follower gear 45 rotates causing shaft 46 and 
interconnected pinion gears 48 to rotate. As each pinion 
gear 48 rotates, it engages a respective rack 32 causing 
motion in the direction of arrow A. Simultaneously, guide 
blocks 36 engage guide rails 30 to support the majority 
of weight of slider beam 34, and to assure that slider 
beam 34 moves in a direction substantially parallel to 
upper stretchers 12. 

Referring to FIG. 1, a pair of guide rails 51 are at- 
tached to slider beam 34 via a plurality of bolts. A rack 
52 having a plurality of teeth 53 is also bolted to slider 
beam 34 and is parallel to, and intermediate guide rails 
51 . A second motor 54 is carried by carriage 4 and is 
attached thereto via plate 55. Referring specifically to 
FIGS. 5 and 8, second motor 54 includes a drive shaft 

56 which extends through plate 55 and has a pinion gear 

57 mounted thereon. Pinion gear 57 is aligned with rack 
52 and operatively engages rack 52 to move carriage 4 
in the direction of arrow B (FIG. 5). A plurality of guide 
blocks 58 are mounted to plate 55 with each block being 
formed with a groove 59. Each groove 59 is complemen- 
tary related to a guide rail 51 and operatively engages 
the same. 

Just as first motor 41 effects movement of slider 
beam 34 in the direction of arrow A (FIG. 4), activation 
of second motor 54 causes shaft 56 and interconnected 
pinion gear 57 to rotate. As interconnected pinion gear 
57 rotates, it engages teeth 53 of rack 52 effecting 
movement of carriage 4 relative to slider beam 34 in the 
direction of arrow B shown in FIGS. 5 and 9 which is 
perpendicular to the direction of arrow A in FIG. 4. Sim- 
ilarly, as carriage 4 moves in the direction of arrow B 
(FIGS. 5 and 9), a pair of guide blocks 58 engage each 
of a pair of guide rails 51 to assist in supporting carriage 
4, and to assure that the movement of carriage 4 is in a 
direction parallel to rack 52. 

Referring to FIGS. 1 , 8 and 10, carriage 4 includes 
a second plate 65 which supports a third motor 66 hav- 
ing a drive shaft 67 and a pinion gear 68 mounted ther- 
eon. A plurality of vertical guide rails 69, and a rack 70 
parallel to guide rails 69, are attached to second plate 
65. A pair of guide blocks 71 are attached to plate 55. 
A groove 72, complementary related to a guide rail 69, 
is formed in each guide block 71 . 
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Referring to FIG. 10, as third motor 66 rotates, drive 
shaft 67 and interconnected pinion gear 68 rotates. Ro- 
tation of third motor 66 thus causes pinion gear 68 to 
operatively engage vertical rack 70 to move carriage 4 
upwardly and downwardly with respect to table 3 and 
slider beam 34. Similarly, as third motor 66 moves car- 
riage 4 in the vertical direction, guide blocks 71 engage 
guide rails 69 to assure that carriage 4 moves in a di- 
rection substantially parallel to rack 70. 

Still referring to FIG. 10, a pneumatic actuator 75 is 
attached to plate 55 at bolt 76, and to second plate 65 
at bolt 77. Inasmuch as carriage 4 has significant weight, 
pneumatic actuator 75 assists third motor 66 in moving 
carriage 4 in the vertical direction, and in supporting car- 
riage 4 once third motor 66 has moved carried 4 into the 
preselected position. In this manner, third motor 66 is 
not overstressed, and the wear on pinion gear 68 and 
rack 70 associated with cyclic use is substantially re- 
duced. 

As can be seen from the above discussion, first mo- 
tor 41 moves carriage 4 and applicator head 5 in the 
direction of arrow A shown in FIG. 4, with second motor 
54 providing movement in the direction of arrow B 
shown in FIG. 5, which is substantially perpendicular to 
the direction of arrow A. Third motor 66 moves carriage 

4 and applicator head 5 in the vertical direction, indicat- 
ed by arrow C in FIG. 5 such that movement is provided 
throughout the Cartesian coordinate system. 

Rotational movement is provided by a fourth motor 
78 mounted to carriage 4 and shown specifically in FIG. 
5. Fourth motor 78 provides rotational movement of ap- 
plicator 5 relative to carriage 4 and table 3 as indicated 
by arrow D (FIG. 5). Motor 78 is mounted to a horizontal 
plate 79 carried by carriage 4 and includes a drive shaft 
80 with a pulley 81 mounted to the end thereof. Appli- 
cator head 5 is mounted to carriage 4 via a shaft 82 hav- 
ing a pulley 83 mounted thereto. A drive belt 84 extends 
around pulleys 81 and 83 whereby activation of motor 
78 causes drive shaft and interconnected pulley 81 to 
rotate. Inasmuch as pulley 81 f rictionally engages drive 
belt 84, pulley 83 rotates, causing hollow shaft 82 and 
interconnected applicator head 5 to rotate. 

In accordance with one of the main features of the 
present invention, flexible tape applicator 1 thus pro- 
vides movement of applicator head 5 relative to table 3 
in all directions of the Cartesian coordinate system, and 
also provides fourth motor 78 to rotate applicator head 

5 relative to table 3. As should also be apparent from a 
review of the above, the invention can be manufactured 
such that motors 41 , 54 and 66 may operate to move 
table 3 rather than applicator head 5 without departing 
from the spirit of the present invention. 

Referring now to a detailed description of applicator 
head 5, and referring specifically to FIGS. 11-15, appli- 
cator head 5 is formed with a body 90. Referring specif- 
ically to FIG. 11, body 90 is formed with a vertical first 
sidewall 91 , a pair of parallel and spaced apart endwalls 
92, and a second sidewall 93 formed with a vertical sec- 



tion 94 and an angled section 95 angled from vertical 
section 94 toward first sidewall 91 . A top plate 96 is 
mounted perpendicularly to first sidewall 91, endwalls 
92 and vertical section 94 and has a cylindrical boss 97 
5 extending upwardly therefrom. Pulley 83 is supported 
on cylindrical boss 97. 

A first roller assembly 99 is mounted on top wall 96 
adjacent first sidewall 91 , and includes a pair of parallel 
and spaced apart downwardly extending L-brackets 1 00 
io (FIGS. 11, 12 and 14). An upper guide roller 101 is 
mounted intermediate spaced apart L-brackets 1 00 on 
an axle 102. Additionally, a pair of parallel and spaced 
apart upper rollers 103 extend outwardly from L-brack- 
ets 1 00 toward first sidewall 91 to rollingly engage a flex- 
's ible tape 144. Roller assembly 99 is angled relative to 
first sidewall 91 . 

A second roller assembly 104 is mounted to first 
sidewall 91 and includes a mounting bracket 105 having 
a lower guide roller 106 mounted thereto and a pair of 
20 parallel and spaced apart lower guide rollers 1 07. Lower 
guide rollers 107 are spaced apart a distance equal to 
the width of flexible tape 1 44 and are spaced relative to 
lower guide roller 105 such that when the flexible tape 
exit from between lower guide rollers 107, it engages 
2S lower roller 106. As is specifically shown in FIG. 12, 
guide rollers 1 05 and 106 are angled with respect to first 
sidewall 91 for purposes which will be described in detail 
hereinbelow. 

A pneumatic cylinder 1 1 1 is mounted to first sidewall 
30 91 and includes a cylinder rod 11 2. A pair of pivot arms 
are mounted to the end of cylinder rod 112, with each 
pivot arm 113 pivotally mounted at a pivot pin 114 to a 
scissors blade 1 1 5. 

In accordance with another of the features of the 
35 present invention, a pneumatic cylinder 1 20 (FIG. 1 3) is 
mounted to angled section 95 of second sidewall 93 and 
includes a cylinder piston rod 1 21 mounted to a retainer 
clip 122. A printer 123 is mounted within retainer clip 

122 with the operating end extending downwardly to- 
40 wards flexible tape 144 as described in detail below. 

Printer 123 may take a variety of sizes and configura- 
tions including thermal printers and inkjet printers, with 
an inkjet printer being utilized in the preferred embodi- 
ment. A slide rod 124 extends outwardly from retainer 
45 clip 122 and is substantially parallel to angled section 
95 and is received within an aperture formed in a slide 
block 145. Pneumatic cylinder 120 thus causes printer 

123 to move toward and away from flexible tape 144 
with the engagement between slide rod 124 and slide 

50 block 125 assuring that the movement of printer 123 is 
substantially parallel to angled section 95 of second 
sidewall 93. A control unit 119 is provided to activate 
printer 1 23 at preselected distances of travel of applica- 
tor head 5 for purposes described below. 

55 A second pneumatic cylinder 1 26 is mounted to an- 
gled section 95 of second sidewall 93 and includes a 
cylinder rod 1 27 attached to a mounting block 1 29 via a 
pivot 128. A slide rod 131 moves within a guide block 
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1 32 mounted on angled section 95 to guide mounting 
block 129 when acted on by second pneumatic cylinder 
126. Mounting block 129 carries a follower or pincher 
pin roller 130 which extends outwardly therefrom, and 
remains substantially vertical when second pneumatic 
cylinder 126 is both extended and retracted. 

A third pneumatic cylinder 1 33 is mounted to angled 
section 95 of second sidewall 93 and includes a cylinder 
rod 1 34. Cylinder rod 1 34 is attached to mounting block 
1 36 at a pivot 1 35. Similar to mounting block 1 29, a slide 
rod 1 31 moves with a guide block 1 32 also mounted to 
angled section 95 to guide mounting block 1 36 when 
acted on by pneumatic cylinder 133. A follower or 
pincher roller 137 is mounted on mounting block 133. 

Referring now to FIGS. 13 and 1 5, a plurality of cy- 
lindrical rollers extend downwardly from applicator head 
5. The two non-driven rollers, follower roller 1 37 and fol- 
lower pin roller 130 have been discussed previously, 
and are shown in dot dash lines on FIG. 1 5. The remain- 
ing rollers are mounted to shafts which extend down- 
wardly through a lower plate 1 38, which is formed with 
a plurality of interconnected holes 1 39 extending there- 
through. A drive motor 1 40 (FIG. 1 4) is mounted to lower 
plate 138 and includes a drive shaft 141 (FIG. 15) at- 
tached to a gear 142 and a roller 1 43 mounted thereon. 
Roller 143 engages flexible tape 144. Driven gear 142 
engages a folbwer gear 150 mounted on an axle 151 
whereby rotation of driven gear 1 42 in the counterclock- 
wise direction causes follower gear 1 50 to rotate in the 
clockwise direction. Follower gear 150, rotating in the 
clockwise direction, engages a first roller gear 152 
mounted on an axle 153. Follower gear 150, rotating in 
the clockwise direction, causes first roller gear 152 to 
rotate in the counterclockwise direction. First roller gear 
152 operatively communicates with second follower 
gear 155 mounted on an axle 156 causing second fol- 
lower gear 155 to rotate in the counterclockwise direc- 
tion. Second follower gear 155 operatively communi- 
cates with a second roller gear 1 57 mounted on an axle 
158 which also rotates in a counterclockwise direction. 
A driven roller 1 59 is mounted to axles 1 53 and 1 58 such 
that rollers 143, and 159 all rotate in a counterclockwise 
direction (FIG. 15). As is also apparent from a review of 
FIGS. 13and 15, gears 142, 150, 152, 155 and 157 are 
received within interconnected holes 139 of lower plate 
138. As is also apparent from a review of FIG. 15, non- 
driven rollers 1 30 and 1 37 are spaced apart from driven 
rollers 159 a distance equal to the width of flexible tape 
144. 

Still referring to FIGS. 1 3 and 1 5, a vertical pressure 
roller 162 is mounted intermediate non-driven rollers 
1 30 and 1 37 and driven rollers 1 59 and is spaced apart 
from planar sheet 27 a distance equal to the height of 
flexible tape 144. Vertical pressure roller 162 provides 
a downward force on flexible tape 1 44 to assure that the 
same adheres to planar sheet 27 within an application 
zone 145. Specifically, pressure roller 162 is mounted 
to a slide rod follower 108 which engages a pair of slide 



rods 109. A cylinder 1 60 is also mounted to first sidewall 
91 , and includes a cylinder rod 161 attached to pressure 
roller 1 62. Constant air pressure is provided on pressure 
roller 1 62 via cylinder 1 60 and cylinder rod 1 61 to assure 

5 that a constant downward force is applied onto flexible 
tape 144 within application zone 145 to assure that flex- 
ible tape 144 securely adheres to planar sheet 27. Ad- 
ditionally, an adjustment lock mechanism 110 is provid- 
ed such that when slide rod fol tower 108 is moved rela- 

10 tive to slide rods 1 09 via cylinder 1 60, it may be locked 
in position if required. 

In accordance with one of the main features of the 
present invention, cradle 6 is mounted on top of carriage 
4, and more particularly is mounted to hollow shaft 82, 

75 such that cradle 6 is mounted to the top of shaft 82, and 
applicator head 5 is mounted to the bottom of shaft 82. 
Rotation of shaft 82 as a result of the activation of fourth 
motor 78 thus causes rotation of both actuator head 5 
and cradle 6. 

20 Referring to FIGS. 16 and 17, cradle 6 is formed 
with a pair of parallel and spaced apart plates 163 and 
includes a forward support roller 164 and a rearward 
support roller 165 extending therebetween. Support roll- 
ers 1 64 and 1 65 support a spool 1 66 of flexible tape 1 44 

25 formed with a pair of end plates 176. A drive motor 1 67 
is attached to one plate 163 and extends intermediate 
plates 163 above spool 1 66. Motor 167 includes a drive 
shaft 168 having a drive pulley 169 mounted thereon 
(FIG. 17). A driven pulley 172 is attached to rearward 

30 support roller 1 65 and is coplanar with drive pulley 1 69. 
A first pulley block 173 is attached to plate 163 and is 
coplanar with drive pulley 169 and driven pulley 172. A 
first drive belt 174 extends around drive pulley 169, and 
driven pulley 172, and remains in tension by the force 

35 applied via pulley block 173. Activation of motor 167 
thus causes drive shaft 168 and interconnected drive 
pulley 169 to rotate. As drive pulley 169 rotates, first 
drive belt 174 frictionally engages driven pulley 172 
causing pulley 172, and interconnected rearward sup- 

40 port roller 165 to rotate. Rearward support pulley 165 
engages end plates 1 76 of spool 1 66 causing spool 1 66 
to rotate. A bearing set 1 77 is mounted to one plate 1 63 
and includes an axle 178 rotatably mounted therein. A 
driven pulley 179 and a follower pulley 180 are mounted 

45 to axle 178, and are spaced apart to permit a plate 181 
to be placed therebetween. A second drive belt 182 ex- 
tends around a second groove formed in pulley 1 72, and 
driven pulley 179 with second drive belt 182 remaining 
in tension via its interaction with a pulley block 183. Ro- 

50 tation of driven pulley 1 72 thus causes driven pulley 1 79, 
and consequentially axle 178 and interconnected fol- 
lower pulley 180 to rotate. 

A third drive belt 188 frictionally engages follower 
pulley 1 80, and extends around a bearing block 189 and 

55 a pulley 1 90. Pulley 1 90 is mounted on a take-up reel 
191 (FIG. 16) for taking up paper tape backing 192 re- 
moved from flexible tape 144. As is apparent from a re- 
view of FIGS. 1 6 and 1 7, activation of motor 1 67 causes 
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driven pulley 172 and interconnected rearward support 
roller 1 65 to rotate. Inasmuch as rearward support roller 

165 frictionally engages end flanges 176 of spool 166, 
activation of motor 167 causes spool 166 to rotate. Sim- 
ilarly, via the interconnection of motor 1 67, first drive belt s 
174, second drive belt 182 and third drive belt 188, ac- 
tivation of motor 167 also causes take-up reel 191 to 
rotate at a speed proportional to the speed of rotation of 
spool 1 66 thereby assuring that paper tape 1 92 is taken 

up onto take-up reel 1 91 at a speed proportional to the io 
speed at which flexible tape 144 is removed from spool 
166. 

Cradle 6 also includes a pneumatically controlled 
dancer arm assembly 195. Dancer arm assembly 195 
includes a pneumatic cylinder 196 and a cylinder rod is 

1 97 operatively communicating with pneumatic cylinder 
1 96. A bearing roller 1 98 is mounted to the top of cylin- 
der rod 197. Additionally, a guide roller 199 is mounted 
on either side of bearing roller 198 to guide flexible tape 

1 44 from spool 1 66 over bearing roller 1 98 and into hoi- 20 
low shaft 82. 

A rear guide roller 200 is positioned on either side 
of flexible tape 144 just before flexible tape 144 enters 
hollow shaft 82. Rear guide rollers 200 also guide flex- 
ible tape 1 44 into hollow shaft 82. Additionally, a sensor 25 
201 is mounted adjacent pneumatic cylinder 196 for 
measuring the amount of deflection of cylinder rod 1 97 
relative to pneumatic cylinder 196. Specifically, flexible 
tape 144 is fed out from spool 166 over bearing roller 

198 and intermediate guide rollers 199 under tension. 30 
The higher the tension, the more pressure that will be 
exerted on cylinder rod 197 causing the same to be in- 
serted further into pneumatic cylinder 196. 

The path of flexible tape 144 begins within flexible 
tape applicator 1 when it is loaded into cradle 6 on a 35 
spool 166. The flexible tape is then taken off of spool 

166 and paper tape backing 192 is removed separately 
and wound around take-up reel 191. Flexible tape 144 
then passes between guide rollers 1 99 and over bearing 
roller 198. The flexible tape then passes vertically and 40 
downwardly through rear guide rollers 200 and into the 
hollow interior of shaft 82 (FIGS. 1,5, 16 & 17). Flexible 
tape 1 44, exits the hollow interior of shaft 1 82, and pass- 
es over upper guide roller 101 and intermediate upper 
rollers 103 (FIGS. 11 and 12). Flexible tape 144 is rotat- 45 
ed about its longitudinal axis such that the width of flex- 
ible tape 144 contacts upper guide roller 101 (FIGS. 
11-14). Flexible tape 144 then passes through lower 
guide rollers 107 such that the edge of flexible tape 144 
contacts the outer surface of rollers 107. Upon passing &> 
through lower guide rollers 1 07, flexible tape 1 44 engag- 
es lower guide rollers 106 and is rotated in the range of 
from 10° to 70°, and preferably in the range of from 25° 

to 60° such that the widest surface of flexible tape 144 
is substantially vertical, with the edge of the flexible tape 55 
positioned to contact planar sheet 27 (FIGS. 11-14). 

Referring now to FIGS. 12, 13 and 15, flexible tape 
144 passes around roller 143, and intermediate driven 
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rollers 1 59 and follower rollers 1 30 and 1 37. It is at this 
position, intermediate roller 159 and 130 within the ap- 
plication zone, that flexible tape 1 44 is positioned on pla- 
nar sheet 27. To assist in the application of flexible tape 
144 to planar sheet 27, a pressure roller 162 is posi- 
tioned intermediate driven roller 159 and follower roller 
130. Pressure roller 162 is spaced apart from planar 
sheet 27 a distance substantially equal to the height of 
flexible tape 144 such that a downward force is applied 
to flexible tape 144 at the point of application to assure 
that it remains adhesively attached to the planar sheet. 
It can be appreciated from a review of FIGS. 15 and 16, 
that flexible tape 144 is driven along its entire circuitous 
path of travel through cradle 6, and into applicator head 
5. Additionally, motor 140 operates to drive rollers 143 
and 159 through interconnected gears 142, 150, 152, 
1 55 and 1 57 to drive flexible tape 1 44 adjacent the point 
of application to planar sheet 27. Inasmuch as flexible 
tape 144 is pinched between driven rollers 159 and fol- 
lower rollers 130 and 137, rollers 143 and 159 assure 
that flexible tape 144 is driven at the application zone, 
and along the circuitous path of travel through applicator 
head 5. 

As discussed above, cradle 6 is mounted on top of 
shaft 82, with applicator head 5 being mounted to the 
bottom thereof such that operation of first motor 41 , sec- 
ond motor 54, third motor 66 and fourth motor 78 oper- 
ates to move both applicator head 5 and cradle 6 
through the Cartesian coordinate system. The path of 
flexible tape 144 thus remains constant and flexible tape 
1 44 is consistently delivered to planar sheet 27 at a high- 
er rate of speed, and under significant control. 

In accordance with another feature of the present 
invention, the application zone intermediate driven roller 
159 and follower roller 130, is axially aligned with the 
center of rotation of cradle 6 and applicator head 5 rel- 
ative to carriage 4 as caused by operation of fourth mo- 
tor 78. The center of rotation of applicator head 5 is 
aligned with the point of application of flexible tape 144 
to planar sheet 27 to assure that there will be no angular 
displacement of flexible tape 144 as a result of rotation 
of applicator head 5 relative to planar sheet 27 during 
operation. 

Having now described the path of travel of flexible 
tape 144 through flexible tape applicator 1 , the method 
of operation will be described with specific reference to 
FIGS. 1-4 and 18-28. Referring first to FIGS. 1-4, motor 
41 is activated to move carriage 4 and applicator head 
5 in the direction of arrow A shown in FIG. 4, second 
motor 54 is operated to move carriage 4 and applicator 
head 5 in the direction of arrow B shown in FIG. 5, which 
is substantially perpendicular to the direction of arrow 
A, and third motor 66 is operated to move carriage 4 and 
applicator head 5 vertically relative to table 3 and planar 
sheet 27. Fourth motor 78 is operated to rotate applica- 
tor head 5 relative to carriage 4 as shown specifically in 
FIG. 5 

Referring to FIG. 18, applicator head 5 is positioned 
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above planar sheet 27 in the starting position. In this 
position, flexible tape 144 is positioned a short distance 
away from planar sheet 27. Third motor 66 is then acti- 
vated to move applicator head 5 vertically, in the direc- 
tion indicated by arrow D in FIG. 1 8 to the position shown 
in FIG. 19 where flexible tape 144 is positioned on the 
glass intermediate driven rollers 1 59 and follower rollers 
130 and 137. First motor 41 is then activated to move 
applicator head 5 in the direction of arrow E shown spe- 
cifically in FIG. 20. As applicator head 5 moves in the 
direction of arrow E, motor 140 continues to operate 
driven rollers 1 43 and 1 59 while motor 1 67 rotates spool 
166. Similarly, pressure wheel 162 applies pressure at 
the point of application of flexible tape 144 intermediate 
fol tower pin roller 130 and driven roller 159 to assure 
that flexible tape 144 adheres to planar sheet 27. 

First motor 41 continues to move applicator head 5 
along the perimeter of planar sheet 27 until the point of 
application adjacent follower pin roller 130 reaches a 
corner of planar sheet 27. Upon reaching the comer, 
third motor 66 is again activated to raise applicator head 
5 in the direction of arrow F shown specifically in FIG. 
21. Simultaneously, second motor 54 is activated to 
move applicator head 5 in the direct ton by arrow G in 
FIG. 22. After moving the application point to the posi- 
tion shown specifically in FIG. 22, fourth motor 78 is ac- 
tivated to rotate applicator head through 90°. Once ap- 
plicator head 5 has been rotated through 90°, it is moved 
back over planar sheet 27 and downwardly until flexible 
tape 1 44 again contacts the perimeter of planar sheet 
27. The steps indicated in FIGS. 1 9-22 are then repeat- 
ed adjacent each remaining corner of planar sheet 27 
until the applicator head 5 approaches fourth comer, 
where continuous flexible tape 1 44 was initially adhered 
to planar sheet 27. 

Upon reaching the fourth corner, flexible tape 144 
is laid onto planar sheet 27 through the space indicated 
generally at the letter A in FIGS. 19 and 20 to provide a 
seal around the entire perimeter of planar sheet 27. 
However, inasmuch as follower roller 1 37 and follower 
pin roller 130 contact flexible tape 144 they are neces- 
sarily positioned on the interior of the continuous strip 
of flexible tape. As such, if the applicator head continued 
to move in the direction shown specifically in FIG. 23, 
rollers 1 30 and 1 37, as well as printer 1 23 would contact 
the first portion of flexible tape 144, pushing it off of pla- 
nar sheet 27. 

Specifically referring to FIG. 24, pneumatic cylinder 
133 is activated to retract cylinder rod 134. As cylinder 
rod 1 34 retracts, slide rod 1 31 moves into the comple- 
mentary shaped recess formed in guide block 1 32 to as- 
sure that mounting block 1 36, while remaining substan- 
tially vertical, moves in the direction parallel to the direc- 
tion of motion of cylinder rod 134. Cylinder rod 134, in- 
terconnected mounting block 1 36 and follower roller 1 37 
are moved sufficiently in the vertical direction to raise 
above the upper edge of flexible tape 144 as shown 
more particularly in FIG. 24. 



Upon follower roller 137 reaching the position 
shown in FIG. 24, second motor 54 is activated to move 
applicator head 5 in the direction of arrow G shown spe- 
cifically in FIG. 25. Thereafter, cylinder rod 1 34 to retract 
s from pneumatic cylinder 1 33 whereby slide rod 1 31 ex- 
tends outwardly from guide block 1 32 allowing guide 
roller 1 37 to reach the position shown in FIG. 25. There- 
after, second pneumatic cylinder 126 is activated to 
push cylinder rod 127, interconnected mounting block 

10 129 and pin roller 130 upwardly in a manner substan- 
tially identical to that which was accomplished when cyl- 
inder 133 was activated to move follower roller 137. 
Again, while second pneumatic cylinder 126 is activat- 
ed, slide rod 1 31 will move into guide block 132 to guide 

is the movement of mounting block 1 29 and interconnect- 
ed follower pin roller 130 along the appropriate path of 
travel to the position shown in FIG. 25. 

Once pin roller 1 30 has been moved to the position 
shown in FIG. 25 via actuation of second pneumatic cyl- 

20 inder 126, second motor 54 is once again activated to 
move applicator head 5 in the direction of arrow G 
shown in FIG. 26. Once follower pin roller 130 has been 
moved beyond the edge of flexible tape 144, follower 
pin roller 1 30 is moved to the position shown in FIG. 26. 

2S Thereafter, second motor 54 is once again activated to 
move applicator head 5 in the direction indicated spe- 
cifically by arrow G in FIG. 27, to a position where knives 
1 1 5 are just beyond the edge of planar sheet 27. There- 
after, pneumatic cylinder 11 1 is activated to move cylin- 

30 der rod 1 1 2, and interconnected pivot arms 1 1 3 thereby 
closing knives 115 and cutting flexible tape 144 as 
shown specifically in FIG. 27. Thereafter, motor 140 and 
167 are reversed until flexible tape 144 is moved to the 
starting position shown in FIG. 18 whereby applicator 

36 head 5 may be once again moved to begin laying a flex- 
ible tape 144 onto a planar sheet 27. Printer 123 may 
similarly be moved toward away from flexible tape 144 
via operation of pneumatic cylinder 1 20. 

Throughout the application of flexible tape 144 to 

40 planar sheet 27, printer 1 23 prints equally spaced marks 
along the interior of flexible tape 1 44. These marks, one 
of which is shown particularly in FIG. 27 and is indicated 
generally at 203, indicate the point at which a muntin 
would be placed for the manufacturing of a divided light 

*s window. While marks 203 may be applied by merely ac- 
tivating printer 1 23 at equal intervals of flexible tape 1 44 
which pass through applicator head 5, such methods of 
application may create unequal markings. Specifically, 
inasmuch as a length of flexible tape 144 is utilized to 

so create each corner, that amount of flexible tape 1 44 will 
offset equally spaced marks 203 such that the marks 
following each comer will be offset by an amount equal 
to the amount of flexible tape 144 utilized to create the 
corner. As such, printer 123 does not index off the 

55 amount of flexible tape passing through a unit, but rather 
indexes off of the planar sheet to assure that a certain 
distance has been traveled by the printer before apply- 
ing a mark 203 to the flexible tape 144. In this manner, 



9 



J 



17 EP0 770 

marks 203 formed on flexible tape 144 will be accurately 
positioned on all four sides of planar sheet 27 in order 
to assure that muntins positioned thereon are accurately 
spaced. Control unit 119 receives informatbn related to 
the preselected distances traveled to the distance 5 
traveled by applicator head 5, and activates printer 123 
at preselected intervals along the path of travel of appli- 
cator head 5. It should also be noted that a variety of 
other information may be applied to flexible tape 144 
such as manufacturer and customer information without io 
departing from the spirit of the present invention. Addi- 
tionally, it should be noted that grid marks may be ap- 
plied to table 3, with a sensor utilized to read the grid 
marks and apply marking 1 03 to flexible tape 1 44 in ac- 
cordance with predetermined locations along the grid is 
marks formed on table 3, without departing from the spir- 
it of the present invention. 

Motors 140 and 167 are interconnected such that 
the speed of motor 140 affects the speed of motor 167. 
Specifically, as motor 167 rotates spool 166, flexible 20 
tape 144 passes over dancer arm assembly 195, 
through hollow shaft 82 and into applicator head 5 where 
it is subsequently driven by motor 1 40 adjacent the flex- 
ible tape point of application. Motor 1 67 continuously re- 
ceives an analog signal from sensor 201 interconnected 25 
to dancer arm assembly 1 95. As discussed above, sen- 
sor 201 receives information indicating the position of 
cylinder rod 197 relative to pneumatic cylinder 196. Re- 
ferring to FIG. 17, if flexible tape 144 is applying very 
little pressure on dancer rod assembly 1 95, cylinder rod 30 
197 will extend outwardly from pneumatic cylinder 196 
as shown in solid lines in FIG. 17. In this position, motor 
140 is utilizing less flexible tape 144, and therefore is 
applying little pressure on dancer arm assembly 1 95. 
Alternatively, if flexible tape 144 is applying pressure to 35 
dancer arm assembly 1 95, cylinder rod 1 97 will be com- 
pressed into pneumatic cylinder 195 to the position 
shown in dot-dash lines in Fl G. 1 7. In this position, danc- 
er arm assembly 1 95 is indicating that motor 1 40 is re- 
quiring more flexible than is being supplied from spool 40 
166. 

A number of occurrences create a need to change 
the speed of motor 167. Specifically, as each layer of 
flexible tape 1 44 is removed from spool 1 66, the circum- 
ference of the spool also decreases. As the circumfer- 45 
ence of each wrap of flexible tape 144 gets smaller, the 
amount of tape removed during any single revolution of 
spool 1 66 also decreases. The speed of motor 1 67 must 
then be increased to rotate more often to remove a given 
length of flexible tape each time an additional wrap of &> 
tape is removed from spool 166. Alternatively, less flex- 
ible tape should be delivered by motor 167 when appli- 
cator head 5 is negotiating a corner, as very little flexible 
tape 144 is utilized to form the comer, but a significant 
amount of time passes during comer formation. 55 

Dancer arm assembly 195 thus creates a pressure 
input read by sensor 201 which pressure input may be 
utilized to increase the amount of flexible tape 144 de- 
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livered by motor 167 in a situation where the dancer arm 
assembly 1 95 is in the position shown in dot -dash lines 
in FIG. 17, i.e., when the pressure on flexible tape 144 
is great as motor 140 adjacent the application point re- 
quires more flexible tape 1 44 than motor 1 67 is currently 
unwinding from spool 166. Alternatively, dancer arm as- 
sembly 1 95 may create a signal read by sensor 201 in- 
dicating that motor 167 is feeding out to much flexible 
tape and that motor 140 is not utilizing the amount of 
flexible tape being unwound from spool 1 66. Such input 
will slow motor 167 until the speed of motors 167 and 
140 are similar. 

The second embodiment of the invention is indicat- 
ed generally at 250, and is identical to flexible tape ap- 
plicator 1 in that it includes a base 252 similar to base 
2, a table 253 similar to table 3, a carriage 4, applicator 
head 5, cradle 6 and spool 7. However, base 252 and 
table 253 as well as slider beam 254, are twice as wide 
as base 2, table 3 and slider beam 34. Referring to FIG. 
28, table 253 is shown with two conveyor units 253', 
each support a glass pane, A and A' respectively. FIG. 
28 shows flexible tape 144 already applied to planar 
sheet A and applicator head 5 applying flexible tape 1 44 
to planar sheet A'. As applicator head 5 applies flexible 
tape 144 to planar sheet A', planar sheet A is removed 
from table 253 and planar sheet A' is moved in position 
for subsequent application of flexible tape 1 44 (FIG. 29). 
After flexible tape 144 has been applied to sheet A', it is 
removed in the direction of arrow A as shown specifically 
in FIG. 30, and applicator head 5 is moved to operate 
on sheet A" which was previously moved in position 
when flexible tape was applied to planar sheet A'. While 
flexible tape 144 is applied to sheet A", an additional 
sheet A"* is moved in position to replace A' to be acted 
upon subsequently by applicator head 5. 

As can be seen from the second embodiment of the 
present invention, the speed by which planar sheets are 
moved into and out of flexible tape applicator 1 on table 
253 is substantially reduced when compared to that of 
the first embodiment of the invention as sheets may be 
moved into and out of flexible tape applicator 250 while 
applicator head 5 continuously applies flexible tape 144 
to a planar sheet. 

In summary, a flexible tape applicator 1 is formed 
with a base 2, a table 3, a cradle 6 and an applicator 
head 5. Cradle 6 and applicator head 5 are each carried 
by a carriage 4, and are interconnected to move togeth- 
er. A plurality of motors are provided to move carriage 
6 and applicator head 5 through the Cartesian coordi- 
nate system relative to table 3, and a fourth motor 78 
rotates applicator head 5 relative to carriage 4. A fifth 
motor 167 is provided which rotates a spool 166 carried 
by carriage 4 while a sixth motor 1 40 drives flexible tape 
1 44 adjacent the point of application to the planar sheet. 
The flexible tape passes over a dancer arm assembly 
195 connected to a pneumatic cylinder. Either the pres- 
sure on the pneumatic cylinder or the position of the cyl- 
inder rod relative to the cylinder is measured to form an 
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analog signal which relates to the amount of pressure 
exerted by the flexible tape onto the dancer arm assem- 
bly. The anabg signal is forwarded from a sensor 201 
to fifth motor 167 such that as the pressure increases 
on dancer arm assembly 1 95, the speed of fifth motor 
167 increases. Conversely, if the pressure decreases 
on dancer arm assembly 1 95, the speed of fifth motor 
167 decreases. The pressure exerted on dancer arm as- 
sembly 1 95 is thus directly related to the amount of flex- 
ible tape 144 being applied onto planar sheet 27. 

Upon application of a continuous flexible tape to a 
planar sheet, a plurality of pneumatic cylinders are op- 
erated to move the rollers out of the way to assure that 
the applicator head does not inadvertently disassociate 
flexible tape 144 from planar sheet 27. 

In an alternative embodiment, a table is provided 
with sufficient width to allow multiple sheets 27 to be op- 
erated on by a single applicator head with a new planar 
sheet being moved in position while the applicator head 
operates on an existing sheet. 

Accordingly, the improved flexible tape applicator is 
simplified, provides an effective, safe, inexpensive, and 
efficient device which achieves all the enumerated ob- 
jectives, provides for eliminating difficulties encountered 
with prior devices, and solves problems and obtains new 
results in the art. 

In the foregoing description, certain terms have 
been used for brevity, clearness and understanding; but 
no unnecessary limitations are to be implied therefrom 
beyond the requirement of the prior art, because such 
terms are used for descriptive purposes and are intend- 
ed to be broadly construed. 

Moreover, the description and illustration of the in- 
vention is by way of example, and the scope of the in- 
vention is not limited to the exact details shown or de- 
scribed. 

Having now described the features, discoveries and 
principles of the invention, the manner in which the im- 
proved flexible tape applicator is constructed and used, 
the characteristics of the construction, and the advan- 
tageous, new and useful results obtained; the new and 
useful structures, devices, elements, arrangements, 
parts and combinations, are set forth in the appended 
claims. 



Claims 

1 . An applicator for applying a flexible tape to a sheet 
comprising: 

a base; 

an applicator head supported by the base and 
having a path of travel, a flexible tape path ex- 
tending at least partially through the applicator 
head, and a flexible tape application zone; 
a table adapted to retain the sheet adjacent the 
base; 



first drive means for moving the applicator head 
relative to the object along the path of travel at 
preselected speeds; 

second drive means carried by the applicator 
5 head for driving the flexible tape along the flex- 

ible tape path; 

data collection means for collecting data relat- 
ed to the speed of the first drive means; and 
first control means operatively connected to the 

io second drive means for receiving data form the 

data collection means and for altering the 
speed of the second drive means in response 
to said collected data and for maintaining a pro- 
portional relationship between the speed of op- 

*5 eratton of the second drive means and the 

speed of the operation of the first drive means 
whereby the tension on the flexible tape re- 
mains substantially constant throughout the 
path of travel of the applicator head. 

20 

2. An applicator as defined in Claim 1 in which the sup- 
port assembly includes a pair of parallel and spaced 
apart stretchers and a slider beam supported by 
said stretchers; and in which the applicator head is 

2S supported from said slider beam. 

3. An applicator as defined in Claim 2 in which the ta- 
ble is positioned intermediate the stretchers and be- 
low the applicator head. 

30 

4. An applicator as defined in Claim 3 in which the ta- 
ble is substantially horizontal. 

5. An applicator as defined in Claim 2 in which the first 
3S drive means includes a first motor for moving the 

applicator head in a direction parallel to the stretch- 
ers, a second motor of moving the applicator head 
in a direction perpendicular to the stretchers, and a 
third motor for vertically moving the applicator head 
40 relative to the table. 

6. An applicator as defined in Claim 5 in which at least 
one rack extends parallel to the stretchers; in which 
the first motor includes a drive shaft; in which a pin- 

45 ion gear is attached to the drive shaft and opera- 
tively engages the rack for moving the applicator 
head in a direction parallel to the stretchers; in 
which at least one rack extends perpendicular to the 
stretchers; in which the second motor includes a 

so drive shaft; in which a pinion gear is attached to the 
drive shaft and operatively engages the rack for 
moving the applicator head in a direction perpen- 
dicular to the stretchers. 

55 7. An applicator as defined in Claim 1 in which second 
drive means includes a first drive motor adapted for 
feeding flexible tape to the applicator head, and a 
second drive motor adapted for driving the flexible 
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tape along the flexible tape path. 

8. An applicator as defined in Claim 7 further compris- 
ing a cradle for supporting a spool of flexible tape; 
in which the first drive motor is carried by the cradle 
and in which the second drive motor is carried by 
the applicator head. 

9. An applicator as defined in Claim 8 in which the car- 
riage is carried by the applicator head. 

1 0. An applicator as defined in Claim 7 in wh ich the data 
collection means includes a dancer arm adapted to 
contact the flexible tape and deflect in response to 
tension on the flexible tape and positioning means 
for indicating the deflection of the dancer arm; in 
which the first control means operatively communi- 
cates with the positioning means to receive data re- 
lating to the dancer arm deflection whereby deflec- 
tion of the dancer arm in one direction causes the 
control means to increase the speed of operation of 
the second drive means, and deflection of the danc- 
er arm in another direction causes the first control 
means to decrease the speed of operation of the 
second drive means. 

11. An applicator as defined in Claim 10 in which the 
first control means is electronically attached to the 
first drive motor of the second drive means for in- 
creasing and decreasing the speed of the first drive 
motor 



15. An applicator as defined in Claim 7 in which a plu- 
rality of rollers are positioned on the head adjacent 
the application zone. 

5 16. An applicator as defined in Claim 15 in which at 
least one roller adjacent the application zone is driv- 
en by the second drive motor. 

17. An applicator as defined in Claim 16 in which at 
10 least one of the rollers is attached to a retraction 

means for retracting the roller over the flexible tape. 

18. An applicator as defined in Claim 17 in which the 
retraction means is a cylinder; in which the cylinder 

15 has a piston attached to at least one roller for re- 
tracting a roller over the flexible tape. 

19. An applicator as defined in Claim 18 in which a 
pincher roller is positioned adjacent to and spaced 

20 apart from each driven roller, and in which the flex- 
ible tape is positioned intermediate the driven roll- 
ers and the pincher rollers. 

20. An applicator as defined in Claim 1 9 in which a pres- 
2S sure roller means is positioned intermediate the 

driven and the pincher rollers for applying a down- 
ward force on the flexible tape. 

21 . An applicator as defined in Claim 20 in which a pres- 
to sure means is provided for supplying a downward 

force onto the pressure roller. 
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12. An applicator as defined in Claim 11 in which the 22. An applicator as defined in Claim 15 in which a print- 
dancer arm is carried on the applicator head along er means is carried by the applicator head for ap- 
the flexible tape path. 35 plying muntin marks onto the flexible tape. 



13. An applicator as defined in Claim 12 in which the 
positioning means includes a cylinder and a piston; 
in which one of the cylinder and piston is attached 
to the dancer arm whereby deflection of the dancer 
arm causes said one of the piston and cylinder to 
move relative to the other of the piston and cylinder 
to alter the pressure within the cylinder; and in which 
the positioning means further includes pressure 
measuring means for measuring the pressure in the 
cylinder to determine the amount of defection of the 
dancer arm. 

14. An applicator as defined in Claim 12 in which the 
positioning means includes a cylinder and a piston; 
in which one of the cylinder and piston is attached 
to the dancer arm whereby deflection of the dancer 
arm causes said one of the piston and cylinder to 
move relative to the other of the piston and cylinder; 
and in which the positioning means further includes 
measuring means for measuring the actual distance 
traveled by the piston in the cylinder to determine 
the amount of defection of the dancer arm. 



23. An applicator as defined in Claim 22 in which the 
printer means is carried by the applicator head be- 
hind the plurality of rollers whereby the printer prints 

40 the flexible tape after it has passed through the roll- 
ers. 

24. An applicator as defined in Claim 23 in which the 
printer is adapted to print on the flexible tape when 

45 the flexible tape is positioned on the planer sheet. 

25. An applicator as defined in Claim 24 further com- 
prising second control means for measuring the dis- 
tance traveled by the applicator head relative to the 

50 table, and for activating the printer at predetermined 
distances of travel of the applicator head relative to 
the table. 

26. An applicator as defined in Claim 25 in which retrac- 
es tion means are attached to the printer to move the 

printer toward and away from the planar sheet. 

27. An applicator as defined in Claim 9 in which a shaft 
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extends between the carriage and the applicator 
head; in which rotation of the shaft causes rotation 
of the applicator head and the carriage; and in which 
a motor is operatively associated with the shaft to 
rotate said shaft. 

28. An applicator as defined in Claim 27 in which the 
flexible tape passes from the cradle to the applicator 
head through the shaft. 

29. An applicator as defined in Claim 10 in which the 
flexible tape path is constant from the dancer arm 
to the application zone. 

30. A method of applying a flexible tape to a sheet com- 
prising the steps of: 

moving an applicator head having a flexible 
tape path along a predetermined path while si- 
multaneously applying flexible tape to the sheet 
at predetermined speeds; 
measuring the tension on the flexible tape 
along the flexible tape path and creating a ten- 
sion signal; 

forwarding the tension signal to a control unit; 
providing a flexible tape drive means for driving 
the flexible tape to the applicator head while ap- 
plying the flexible tape to the sheet; and 
controlling the speed of the flexible tape drive 
means with the control unit in response to said 
tension signal for maintaining a proportional re- 
lationship between the speed of operation of 
the flexible tape drive means and the predeter- 
mined speeds whereby the tension on the flex- 
ible tape remains substantially constant 
throughout the path of travel of the applicator 
head. 

31 . The method as defined in Claim 30 including the 
further step of determining the tension on the flexi- 
ble tape by passing the flexible tape over a dancer 
arm; determining the deflection of the dancer arm; 
and changing the speed of the flexible tape drive 
means in direct relation to the amount of deflection 
of the dancer arm. 

32. The method as defined in Claim 31 comprising the 
further steps of providing a motor as the flexible 
tape drive means for rotating the spool of flexible 
tape; positioning the dancer arm intermediate the 
motor for driving the spool, and an application zone 
along the flexible tape path; and increasing the 
speed of the motor rotating the spool as the meas- 
ured deflection increases, and decreasing the rate 
of rotation of the motor driving the spool as the 
measured deflection decreases. 

33. The method as defined in Claim 32 including the 



further step of printing muntin marks on to the flex- 
ible tape after the flexible tape is positioned on the 
sheet with a printer. 

5 34. The method as defined in Claim 33 including the 
further step of determining the distance traveled by 
the applicator head having a path of travel relative 
to the sheet; and activating the printer at preselect- 
ed distances along the path of travel of the applica- 

10 tor head relative to the sheet for printing muntin 
marks. 

35. The method as defined in Claim 34 comprising the 
further steps of providing a plurality of rollers adja- 

15 cent the application zone; retracting at least one of 
said rollers to allow the roller to pass over the flex- 
ible tape. 

36. The method as defined in Claim 35 including the 
20 further step of driving at least one of the rollers ad- 
jacent the application zone. 

37. The method as defined in Claim 31 comprising the 
further step of raising the applicator head prior to 

25 forming a comer in the flexible tape; forming a cor- 
ner while a portion of the flexible tape is supported 
above the planar sheet by the applicator head; and 
replacing the preformed comer onto the sheet by 
lowering the applicator head. 

30 

38. The method as defined in Claim 31 comprising the 
further step of providing a first conveyor and a sec- 
ond conveyor beneath the applicator head; provid- 
ing a first sheet and a second sheet onto the first 

35 conveyor and the second conveyor; applying a flex- 
ible tape onto one of the first sheet and second 
sheet while removing the other of the first sheet and 
second sheet from the associated conveyor; replac- 
ing said other of the first sheet and second sheet 

40 with a third sheet while continuing to lay flexible tape 
onto said one of the first sheet and second sheet 
for subsequent application of flexible tape by the ap- 
plicator head. 
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